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Abstract
The article considers strategies of coalitions that are based on intelligence
information about moves of some of the other agents. The main technical
result is a sound and complete logical system that describes the interplay
between coalition power modality with intelligence and distributed knowledge
modality in games with imperfect information.
1. Introduction
The Battle of the Atlantic was a classical example of the matching pennies
game. British (and American) admirals were choosing routes of the allied
convoys and Germans picked routes of their U-boats. If their trajectories
crossed, the Germans scored a win, if not the allies did. Neither of the
players appeared to have a strategy that would guarantee victory.
The truth, however, was that during most of the battle one of the sides
had exactly such a strategy. First, it was British who broke German Enigma
cipher in summer 1941. Although Germans did not know about British suc-
cess, they changed codebook and added fourth wheel to Enigma in February
1942 thus preventing British from decoding German messages. The very next
month, in March 1942, German navy cryptography unit, B-Dienst, broke al-
lied code and got access to convoy route information. Germans lost their
ability to read allied communication in December 1942 due to a routine
change in the allied codebook. The same month, British were able to read
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German communication as a result of capturing codebook from a U-boat in
Mediterranean. In March 1943, Germans changed codebook again and, un-
knowingly, disabled British ability to read German messages. Simultaneous,
Germans caught up and started to decipher British transmissions again [1, 2].
At almost any moment during these two years one of the sides was able
to read the communications of the other side. However, neither of them was
able to figure out that their own code is insecure because the two sides never
have been able to read each other messages at the same time to notice that
the other side knows more than it should have known. Finally, in May 1943,
with help of US Navy, British cracked German messages while Germans still
were reading British. It was the first time allies understood that their code
was insecure. A new convoy cipher was immediately introduced and Germans
have never been able to break it again, while allies continued reading Enigma-
encrypted transmissions till the end of the war [1].
In this article we study coalition power in strategic games assuming that
the coalition has intelligence information about moves of all or some of its
opponents. We write [C]Iϕ if coalition C has a strategy to achieve outcome
ϕ as long as the coalition knows what will be the move of each agent in set
I. For example,
[British]Germans(Convoy is saved).
Modality [C]∅ϕ is the coalitional power modality proposed by Marc Pauly [3,
4]. He gave a sound and complete axiomatization of this modality in the case
of perfect information strategic games. Various extensions of his logic has
been studied before [5, 6, 7, 8, 9, 10, 11, 12, 13]. Strategic power modality
with intelligence [a1, . . . , an]i1,...,ikϕ can be expressed in Strategy Logic [14, 15]
as
∀t1 . . . ∀tk∃s1, . . .∃sn(a1, s1) . . . (an, sn)(i1, t1) . . . (ik, tk)Xϕ.
The literature on the strategy logic covers model checking [16], synthesis [17],
decidability [18, 19], and bisimulation [20]. We are not aware of any complete-
ness results for a strategy logic with quantifiers over strategies. At the same
time, our approach is different from the one in Alternating-time Temporal
Logic with Explicit Strategies (ATLES) [21]. There, modality 〈〈C〉〉ρ denotes
existence existence of a strategy of coalition C for a fixed commitment ρ of
some of the other agents. Unlike ATLES, out modality [C]B denotes exis-
tence of a strategy of coalition of coalition C for any commitment of coalition
B, as long as it is known to C. Goranko and Ju proposed several versions
of strategic power with intelligence modality, gave formal semantics of these
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modalities, and discussed a matching notion of bisimulation [22]. They do
not suggest any axioms for these modalities.
An important example of intelligence in strategic games comes from
Stackelberg security games. These are two-player games between a defender
and an intruder. The defender is using a mixed strategy to assign available
resources to targets and the intruder is using a pure strategy to attack one of
the targets. The distinctive property of the security games is the assumption
that the intruder knows the probabilities with which the defender assigns
resources to different targets. The intruder uses this information to plan the
attack that is likely to bring the most damage. In other words, it is assumed
that the intruder has the intelligence about the mixed strategy deployed by
the defender. Security games have been used by the U.S. Transportation Se-
curity Administration, the U.S. Federal Air Marshal Service, the U.S. Coast
Guard, and others [23].
Recently, logics of coalition power were generalized to imperfect informa-
tion games. Unlike prefect information strategic games, the outcome of an
imperfect information game might depend on the initial state of the game
that could be unknown to the players. For example, consider a hypotheti-
cal setting in which an allied convoy and a German U-boat have to choose
between three routes from point A to point B: route 1, route 2, or route 3,
see Figure 1. Let us furthermore assume that it is known to both sides that
one of these routes is blocked by Russian naval mines. Although the mines
are located along route 1, neither allies nor Germans known this. If allies
have an access to intelligence about German U-boats, then, in theory, they
have a strategy to save the convoy. For example, if Germans will use route
2, then allies can use route 3. However, since allies do not know the location
of Russian mines, even after they receive information about German plans,
they still would not know how to save the convoy.
A
B1
2
3
Figure 1: Three routes from point A to point B.
It has been suggested in several recent works that, in the the case of the
games with imperfect information, strategic power modality in Marc Pauly
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logic should be restricted to existence of know-how 1 strategies [29, 30, 31,
32, 33, 34]. That is, modality [C]ϕ should stands for “coalition C has a
strategy, it knows that it has a strategy, and it knows what the strategy is”.
In this article we adopt this approach to strategic power with intelligence.
For example, in the imperfect information setting depicted in Figure 1, after
receiving the intelligence report, the British have a strategy, they know that
they have a strategy, but they do not know what the strategy is:
¬[British]Germans(Convoy is saved).
At the same time, since Russians presumably know the location of their
mines,
[British, Russians]Germans(Convoy is saved).
The main contribution of this article is a complete logical system that
describes the interplay between the coalition power with intelligence modality
[C]I and the distributed knowledge modality KC in an imperfect information
setting. The most interesting axiom of our system is a generalized version
of Marc Pauly’s [3, 4] Cooperation axiom that connects intelligence I and
coalition C parameters of the modality [C]I . Our proof of the completeness
is significantly different from the existing proofs of completeness for games
with imperfect information [29, 30, 32, 33, 34]. We highlight these differences
in the beginning of the Section 6.
2. Outline
The rest of the article is organized as follows. In the next section we
introduce the syntax and the formal semantics of our logical system. In
Section 4, we list the axioms and the inference rules of the system, compare
them to related axioms in the previous works and give two examples of formal
proofs in our system. In the Section 5 and Section 6 we prove the soundness
and the completeness of our logical system respectively. Section 7 concludes.
1Know-how strategies were studied before under different names. While Jamroga and
A˚gotnes talked about “knowledge to identify and execute a strategy” [24], Jamroga and van
der Hoek discussed “difference between an agent knowing that he has a suitable strategy
and knowing the strategy itself” [25]. Van Benthem called such strategies “uniform” [26].
Wang gave a complete axiomatization of “knowing how” as a binary modality [27, 28],
but his logical system does not include the knowledge modality.
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3. Syntax and Semantics
In this section we define the syntax and the semantics of our formal sys-
tem. Throughout the article we assume a fixed set of propositional variables
and a fixed set of agents A. By a coalition we mean any finite subset of A.
Finiteness of coalitions will be important for the proof of the completeness.
Definition 1. Let Φ be the minimal set of formulae such that
1. p ∈ Φ for each propositional variable p,
2. ϕ→ ψ,¬ϕ ∈ Φ for all ϕ, ψ ∈ Φ,
3. KCϕ ∈ Φ for each formula ϕ ∈ Φ and each coalition C ⊆ A,
4. [C]Bϕ ∈ Φ for each formula ϕ ∈ Φ and all disjoint coalitions B,C ⊆ A.
In other words, the language of our logical system is defined by grammar:
ϕ := p | ¬ϕ | ϕ→ ϕ | KCϕ | [C]Bϕ.
Formula KCϕ stands for “coalition C distributively knows ϕ” and formula
[C]Bϕ for “coalition C distributively knows strategy to achieve ϕ as long as
it gets an intelligence on actions of coalition B”.
For any sets X and Y , by XY we mean the set of all functions from Y to
X.
Definition 2. A tuple (W, {∼a}a∈A,∆,M, pi) is called a game if
1. W is a set of states,
2. ∼a is an “indistinguishability” equivalence relation on set W for each
agent a ∈ A,
3. ∆ is a nonempty set, called the “domain of actions”,
4. relation M ⊆ W ×∆A ×W is an “aggregation mechanism”,
5. function pi maps propositional variables to subsets of W .
A function δ from set ∆A is called a complete action profile.
Figure 2 depicts a diagram of the Battle of the Atlantic game with im-
perfect information, as described in the introduction. For the sake of sim-
plicity, we treat British, Germans, and Russians as single agents, not groups
of agents. The game has five states: 1, 2, 3, s, and d. States 1, 2, and
3 are three “initial” states that correspond to possible locations of Russian
mines along route 1, route 2, or route 3. Neither British nor Germans can
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distinguish these states, which is shown in the diagram by labels on dashed
lines connecting these three states. Russians know location of the mines and,
thus, can distinguish these states. The other two states are “final” states s
and d that describe if the convoy made it safe (s) or was destroyed (d) by
either a U-boat or a mine. The designation of some states as “initial” and
others as “final” is specific to the Battle of the Atlantic game. In general, our
Definition 2 does not distinguish between such states and we allow games to
take multiple consecutive transitions from one state to another.
1
2
3
s
d
23,32
11,22,31,32,33
13,31
12,2
111,12,13,22,3311,21,22,23,33
British, Germans
British, Germans
Figure 2: Battle of the Atlantic with imperfect information.
The domain of actions ∆ in this game is {1, 2, 3}. For British and Ger-
mans actions represent the choice of routes that they make for their convoys
and U-boats respectively. Russians are passive players in this game. Their
action does not affect the outcome of the game. Technically, a complete
action profile is a function δ from set {British,Germans,Russians} into set
{1, 2, 3}. Since, there are only three players in the Battle of the Atlantic
game, it is more convenient to represent function δ by triple bgr ∈ {1, 2, 3}3,
where b is the action of British, g is the action of Germans, and c is the
action of Russians.
The mechanism M of the Battle of the Atlantic game is captured by the
directed edges in Figure 2 labeled by complete actions profiles. Since value
r in a profile bgr does not effect the outcome, it is omitted on the diagram.
For example, directed edge from state 1 to state s is labeled with 23 and
32. This means that the mechanism M contains triples (1, 231, s), (1, 232, s),
(1, 233, s), (1, 321, s), (1, 322, s), and (1, 323, s).
The definition of a game that we use here is more general than the one
used in the original Marc Pauly’s semantics of the logic of coalition power.
Namely, we assume that the mechanism is a relation, not a function. On
one hand, this allows us to talk about nondeterministic games where for
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each initial state and each complete action profile there might be more than
one outcome. On the other hand, this also allows for some combinations of
the initial state and the complete action profile there to be no outcome at
all. In other words, we do not exclude games in which agents might have
an ability in some situations to terminate the game without reaching an
outcome. If needed, such games can be excluded and an additional axiom
¬[C]∅⊥ be added to the logical system. The proof of the completeness will
remain mostly unchanged. We also introduce indistinguishability relation on
states to capture the imperfect information. We do it in the same way as it
has been done in the cited earlier previous works on the logics of coalition
power with imperfect information.
Definition 3. For any states w,w′ ∈ W and any coalition C, let w ∼C w′
if w ∼a w′ for each agent a ∈ C.
In particular, w ∼∅ w′ for any two states of the game.
Lemma 1. For any coalition C, relation ∼C is an equivalence relation on
set W . 2
By an action profile of a coalition C we mean any function from set ∆C .
For any two functions f, g, we write f =X g if f(x) = g(x) for each x ∈ X.
Next is the key definition of this article. Its part 5 gives the semantics of
modality [C]B. This part uses state w
′ to capture the fact that the strategy
succeeds in each state indistinguishable by coalition C from the current state
w. In other words, the coalition C knows that this strategy will succeed. Ex-
cept for the addition of coalition B and its action profile β, this is essentially
the same definition as the one used in [29, 30, 31, 35, 33, 32, 34].
Definition 4. For any game (W, {∼a}a∈A,∆,M, pi), any state w ∈ W , and
any formula ϕ ∈ Φ, let satisfiability relation w  ϕ be defined as follows:
1. w  p if w ∈ pi(p), where p is a propositional variable,
2. w  ¬ϕ if w 1 ϕ,
3. w  ϕ→ ψ if w 1 ϕ or w  ψ,
4. w  KCϕ if w′  ϕ for each w′ ∈ W such that w ∼C w′,
5. w  [C]Bϕ if for any action profile β ∈ ∆B of coalition B there is an
action profile γ ∈ ∆C of coalition C such that for any complete action
profile δ ∈ ∆A and any states w′, u ∈ W if β =B δ, γ =C δ, w ∼C w′,
and (w′, δ, u) ∈M , then u  ϕ.
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For example, for the game depicted in Figure 2,
1  [British, Russians]Germans(Convoy is saved).
Indeed, statement (1 ∼British, Russians w′) is true only for one state w′ ∈ W ,
namely state 1 itself. Then, for any action profile β ∈ {1, 2, 3}{Germans} of
the single-member coalition {Germans} we can define action profile γ ∈
{1, 2, 3}{British, Russians} as, for example,
γ(a) =

3, if a = British and β(Germans) = 2,
2, if a = British and β(Germans) = 3,
1, if a = Russians.
In other words, if profile β assigns Germans route 2, then profile γ assigns
British route 3 and vice versa. Assignment of an action to Russians in not
important. This way, no matter what Germans’ action is, the British convoy
will avoid both the German U-boat and the Russian mines in the game that
starts from state w′ = 1. At the same time,
1  ¬[British]Germans(Convoy is saved).
because without Russians the British cannot distinguish states 1, 2, and
3. In other words, (1 ∼British w′) for any state w′ ∈ {1, 2, 3}. Thus, for
each action profile β ∈ {1, 2, 3}{Germans} we need to have a single action
profile γ ∈ {1, 2, 3}{British, Russians} that would bring the convoy to state s
from any of the states 1, 2, and 3. Such profile γ does not exists because,
even if the British know where Germans U-boat will be, there is no single
uniform strategy to choose path that would avoid Russian mines from all
three indistinguishable states 1, 2, and 3.
4. Axioms
In addition to the propositional tautologies in language Φ, our logical
system consists of the following axioms:
1. Truth: KCϕ→ ϕ,
2. Distributivity: KC(ϕ→ ψ)→ (KCϕ→ KCψ),
3. Negative Introspection: ¬KCϕ→ KC¬KCϕ,
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4. Epistemic Monotonicity: KCϕ→ KDϕ, where C ⊆ D,
5. Strategic Introspection: [C]Bϕ→ KC [C]Bϕ,
6. Empty Coalition: K∅ϕ→ [∅]∅ϕ,
7. Cooperation: [C]B(ϕ→ ψ)→ ([D]B,Cϕ→ [C,D]Bψ), where sets B,C,
and D are pairwise disjoint,
8. Intelligence Monotonicity: [C]Bϕ→ [C]B′ϕ, where B ⊆ B′,
9. None to Analyze: [∅]Bϕ→ [∅]∅ϕ.
Note that in the Cooperation axiom above and often throughout the rest of
the article we abbreviate B ∪ C as B,C. However, we keep writing B ∪ C
when notation B,C could be confusing.
The Truth, the Distributivity, the Negative Introspection, and the Epis-
temic Monotonicity axioms are the standard axioms of the epistemic logic
of distributed knowledge [36]. The Strategic Introspection axiom states that
if a coalition C has a “know-how” strategy, then it knows that it has such
a strategy. A version of this axiom without intelligence was first introduced
in [29]. The Empty Coalition axiom says that if statement ϕ is satisfied in
each state of the model, then the empty coalition has a strategy to achieve
it. This axiom first appeared in [35]. The Cooperation axiom for strategies
without intelligence:
[C](ϕ→ ψ)→ ([D]ϕ→ [C,D]ψ),
where sets C and D are disjoint, was introduced in [3, 4]. This is the signature
axiom that appears in all subsequent works on logics of coalition power. The
version of this axiom with intelligence is one of the key contributions of
the current article. Our version states that if coalition C knows how to
achieve ϕ→ ψ assuming it has intelligence about actions of coalition B and
coalition D knows how to achieve ϕ assuming it has intelligence about actions
of coalitions B and C, then coalitions C and D know how together they can
achieve ψ if they have intelligence about actions of coalition B. We prove
soundness of this axiom in Section 5. The remaining two axioms are original
to this article. The Intelligence Monotonicity axiom states if coalition C has
a strategy based on intelligence about actions of coalition B, then coalition
C has such strategy based on intelligence about any larger coalition. The
other form of monotonicity for modality [C]B, monotonicity on coalition C
is also true. It is not listed among our axioms because it is provable in our
system, see Lemma 2. The None to Analyze axiom say that if there is none to
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interpret the intelligence information about coalition B, then this intelligence
might as well not exist.
We write ` ϕ if formula ϕ is provable from the above axioms using the
Modus Ponens, the Epistemic Necessitation, and the Strategic Necessitation
inference rules:
ϕ, ϕ→ ψ
ψ
,
ϕ
KCϕ
,
ϕ
[C]Bϕ
.
We write X ` ϕ if formula ϕ ∈ Φ is provable from the theorems of
our logical system and an additional set of axioms X using only the Modus
Ponens inference rule. Note that if set X is empty, then statement X ` ϕ is
equivalent to ` ϕ. We say that set X is consistent if X 0 ⊥.
The next lemma gives an example of a formal proof in our logical system.
This example will be used later in the proof of the completeness.
Lemma 2. ` [C]Bϕ→ [C ′]Bϕ, where C ⊆ C ′.
Proof. Formula ϕ → ϕ is a tautology. Thus, ` [C ′ \ C]B(ϕ → ϕ) by
the Strategic Necessitation inference rule. Note that the following formula:
[C ′ \ C]B(ϕ → ϕ) → ([C]Bϕ → [(C ′ \ C) ∪ C]Bϕ) is an instance of the Co-
operation axiom. Thus, ` [C]Bϕ → [(C ′ \ C) ∪ C]Bϕ by the Modus Ponens
inference rule. Note also that (C ′ \ C) ∪ C = C ′ because of the assumption
C ⊆ C ′. Therefore, ` [C]Bϕ→ [C ′]Bϕ. 
The following lemma states the well-known Positive Introspection princi-
ple for the distributed knowledge.
Lemma 3. ` KCϕ→ KCKCϕ.
Proof. Formula KC¬KCϕ → ¬KCϕ is an instance of the Truth axiom.
Thus, ` KCϕ → ¬KC¬KCϕ by contraposition. Hence, taking into account
the following instance of the Negative Introspection axiom: ¬KC¬KCϕ →
KC¬KC¬KCϕ, we have
` KCϕ→ KC¬KC¬KCϕ. (1)
At the same time, ¬KCϕ → KC¬KCϕ is an instance of the Negative
Introspection axiom. Thus, ` ¬KC¬KCϕ → KCϕ by the law of contrapos-
itive in the propositional logic. Hence, by the Necessitation inference rule,
` KC(¬KC¬KCϕ→ KCϕ). Thus, by the Distributivity axiom and the Modus
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Ponens inference rule, ` KC¬KC¬KCϕ→ KCKCϕ. The latter, together with
statement (1), implies the statement of the lemma by propositional reason-
ing. 
We conclude this section by stating the two standard lemmas about our
deduction system. These lemmas will be used later in the proof of the com-
pleteness.
Lemma 4 (deduction). If X,ϕ ` ψ, then X ` ϕ→ ψ.
Proof. Since X,ϕ ` ψ refers to the provability without the use of the Epis-
temic Necessitation and the Strategic Necessitation inference rules, the stan-
dard proof of the deduction lemma for propositional logic [37, Proposition
1.9] applies to our system as well. 
Lemma 5 (Lindenbaum). Any consistent set of formulae can be extended
to a maximal consistent set of formulae.
Proof. The standard proof of Lindenbaum’s lemma [37, Proposition 2.14]
applies here too. 
5. Soundness
In this section we prove the soundness of the axioms of our logical system
with respect to the semantics given in Section 3.
Theorem 1 (soundness). If ` ϕ, then  ϕ for each state w of each game.
As usual, the soundness of the Truth, the Distributivity, the Negative Intro-
spection, and the Monotonicity axiom follows from the assumption that ∼a
is an equivalence relation [36]. Below we prove the soundness of each of the
remaining axioms as a separate lemma.
Lemma 6. If w  [C]Bϕ, then w  KC [C]Bϕ.
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Proof. Consider any state w′ ∈ W such that w ∼C w′. By Definition 4, it
suffices to show that w′  [C]Bϕ. Indeed, consider any action profile β ∈ ∆B
of coalition B. By the same Definition 4, it suffices to show that there is
an action profile γ ∈ ∆C of coalition C such that for any complete action
profile δ ∈ ∆A and any states w′′, u ∈ W if β =B δ, γ =C δ, w′ ∼C w′′, and
(w′′, δ, u) ∈M , then u  ϕ.
Since w ∼C w′, by Lemma 1, it suffices to show that there is an action
profile γ ∈ ∆C of coalition C such that for any complete action profile δ ∈ ∆A
and any states w′′, u ∈ W if β =B δ, γ =C δ, w ∼C w′′, and (w′′, δ, u) ∈ M ,
then u  ϕ. The last statement is true by Definition 4 and the assumption
w  [C]Bϕ. 
Lemma 7. If w  K∅ϕ, then w  [∅]∅ϕ.
Proof. Let β ∈ ∆∅ be an action profile of an empty coalition2. By Defini-
tion 4, it suffices to show that there is an action profile γ ∈ ∆∅ of the empty
coalition such that for any complete action profile δ ∈ ∆A and all states
w′, u ∈ W if β =∅ δ, γ =∅ δ, w ∼∅ w′, and (w′, δ, u) ∈ M , then u  ϕ.
Indeed, let γ = β. Thus, it suffices to prove that u  ϕ for each state u ∈ W .
The last statement follows from the assumption w  K∅ϕ by Definition 4. 
Lemma 8. If w  [C]B(ϕ → ψ), w  [D]B,Cϕ, and sets B, C, and D are
pairwise disjoint, then w  [C,D]Bψ.
Proof. Consider any action profile β ∈ ∆B of coalition B. By Definition 4, it
suffices to show that there is an action profile γ ∈ ∆C∪D of coalition C ∪D
such that for any complete action profile δ ∈ ∆A and any states w′, u ∈ W
if β =B δ, γ =C,D δ, w ∼C,D w′, and (w′, δ, u) ∈M , then u  ψ.
Assumption w  [C]B(ϕ → ψ), by Definition 4, implies that there is
an action profile γ1 ∈ ∆C of coalition C such that for any complete action
profile δ ∈ ∆A and any states w′, u ∈ W if β =B δ, γ1 =C δ, w ∼C w′, and
(w′, δ, u) ∈M , then u  ϕ→ ψ.
2Such action profile is unique, but this is not important for our proof.
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Define action profile β1 ∈ ∆B∪C of coalition B ∪ C as follows:
β1(a) =
{
β(a), if a ∈ B,
γ1(a), if a ∈ C.
Action profile β1 is well-defined because sets B and C are disjoint.
Assumption w  [D]B,Cϕ, by Definition 4, implies that there is an action
profile γ2 ∈ ∆D of coalition D such that for any complete action profile
δ ∈ ∆A and any states w′, u ∈ W if β1 =B,C δ, γ2 =D δ, w ∼D w′, and
(w′, δ, u) ∈M , then u  ϕ.
Define action profile γ ∈ ∆C∪D of coalition C ∪D as follows:
γ(a) =
{
γ1(a), if a ∈ C,
γ2(a), if a ∈ D.
Action profile γ is well-defined because sets C and D are disjoint.
Consider any complete action profile δ ∈ ∆A and any states w′, u ∈ W
such that β =B δ, γ =C∪D δ, w ∼C∪D w′, and (w′, δ, u) ∈ M . Recall
from the first paragraph of this proof that it suffices to show that u  ϕ.
Note that β =B δ, γ1 =C γ =C δ, w ∼C w′, and (w′, δ, u) ∈ M . Thus,
u  ϕ → ψ by the choice of the action profile γ1. Similarly, β1 =B β =B δ
and β1 =C γ1 =C γ =C δ. Hence, β1 =B∪C δ. Also, γ2 =D γ =D δ, w ∼C w′,
and (w′, δ, u) ∈M . Thus, u  ϕ by the choice of the action profile γ2. There-
fore, u  ψ by Definition 4 because u  ϕ→ ψ and u  ϕ. 
Lemma 9. If w  [C]Bϕ, B ⊆ B′, and sets B′ and C are disjoint, then
w  [C]B′ϕ.
Proof. Consider any action profile β′ ∈ ∆B′ of coalition B′. By Definition 4,
it suffices to show that there is an action profile γ ∈ ∆C of coalition C such
that for any complete action profile δ ∈ ∆A and any states w′, u ∈ W if
β′ =B δ, γ =C δ, w ∼C w′, and (w′, δ, u) ∈M , then u  ϕ.
Define action profile β ∈ ∆B of coalition B to be such that β(a) = β′(a)
for each agent a ∈ B. Action profile β is well-defined due to the assumption
B ⊆ B′ of the lemma. By Definition 4, assumption w  [C]Bϕ implies that
there is an action profile γ ∈ ∆C of coalition C such that for any complete
action profile δ ∈ ∆A and any states w′, u ∈ W if β =B δ, γ =C δ, w ∼C w′,
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and (w′, δ, u) ∈ M , then u  ϕ. Note that β =B β′ by the choice of action
profile β. Therefore, there is an action profile γ ∈ ∆C of coalition C such
that for any complete action profile δ ∈ ∆A and any states w′, u ∈ W if
β′ =B δ, γ =C δ, w ∼C w′, and (w′, δ, u) ∈M , then u  ϕ. 
Lemma 10. If w  [∅]Bϕ, then w  [∅]∅ϕ.
Proof. By Definition 4, assumption w  [∅]Bϕ implies that for any action
profile β ∈ ∆B of coalition B there is an action profile γ ∈ ∆∅ of the empty
coalition such that for any complete action profile δ ∈ ∆A and any states
w′, u ∈ W if β =B δ, γ =∅ δ, w ∼∅ w′, and (w′, δ, u) ∈M , then u  ϕ.
Thus, for any action profile β ∈ ∆B of coalition B, any complete action
profile δ ∈ ∆A and any states w′, u ∈ W if β =B δ and (w′, δ, u) ∈ M ,
then u  ϕ. Hence, for any complete action profile δ ∈ ∆A and any states
w′, u ∈ W if (w′, δ, u) ∈M , then u  ϕ.
Then, for any action profile β ∈ ∆∅ of the empty coalition there is an
action profile γ ∈ ∆∅ of the empty coalition such that for any complete
action profile δ ∈ ∆A and any states w′, u ∈ W if β =∅ δ, γ =∅ δ, w ∼∅ w′,
and (w′, δ, u) ∈M , then u  ϕ.
Therefore,w  [∅]∅ϕ by Definition 4. 
6. Completeness
In this section we prove the completeness of our logical system. We start
this proof by fixing a maximal consistent set of formulae X0 and defining the
canonical game G(X0) = (W, {∼a}a∈A,∆,M, pi).
There are two major challenges that we need to overcome while defining
the canonical model. The first of them is well-known complication related
to the presence of the distributed knowledge modality in our logical system.
The second is a unique challenge of specific to strategies with intelligence.
To understand the first challenge, recall that in case of individual knowledge
states are usually defined as maximal consistent sets. Two such sets are ∼a-
equivalent if the sets contain the same Ka formulae. Unfortunately, this con-
struction can not be easily adapted to distributed knowledge because if two
sets share Ka and Kb formulae, then they not necessarily share Ka,b formulae.
To overcome this challenge we use “tree” construction in which each state is a
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node of a labeled tree. Nodes of the tree are labeled with maximal consistent
sets and edges are labeled with coalitions. This construction has been used
in logics of know-how with distributed knowledge before [30, 35, 33, 32, 34].
To understand the second challenge, let us first recall the way the canon-
ical game is usually constructed for the logics of the coalition power. The
commonly used construction defines the domain of actions to be the set of
all formulae. Informally, it means that each agent “votes” for a formula that
the agents wants to be true in the next state. Of course, not requests of
agents are granted. The canonical game mechanism specifies which requests
are granted and which are ignored. There also are canonical game construc-
tions in which a voting ballot in addition to a formula must also contain some
additional information that acts as a “key” verifying that the voting agents
has certain information [33, 34]. So, it is natural to assume that in case of
formula [C]Bϕ, coalition C should vote for formula ϕ and provide vote of
coalition B as a key. This approach, however, turns out to be problematic.
Indeed, in order to satisfy some other formula, say [B]Dψ, vote of coalition
B would need to include vote of coalition D as a key. Thus, it appears,
that vote of C would need to include vote of D as well. The situation is
further complicated by mutual recursion when one attempts to satisfy for-
mulae [C]Bϕ and [B]Cχ simultaneously. The solution that we propose in this
article avoids this recursion. It turns out that it is not necessary for the key
to contain the complete intelligence information. Namely, we assume that
each agent votes for a formula and signs her vote with a random integer key.
To satisfy formula [C]Bϕ, the mechanism will guarantee that if all members
of coalition C vote for ϕ and sign with integer keys that are larger than keys
of all members in coalition B, then ϕ will be true in the next state. This idea
is formalized later in Definition 7.
Definition 5. Sequence X0, C1, X1, C2, . . . , Cn, Xn is a state of the canonical
game if
1. n ≥ 0,
2. X1, . . . , Xn are maximal consistent sets of formulae,
3. C1, . . . , Cn are coalitions of agents,
4. {ϕ ∈ Φ | KCkϕ ∈ Xk−1} ⊆ Xk for each integer k such that 1 ≤ k ≤ n.
We say that sequence w = X0, C1, X1, . . . , Cn−1, Xn−1 and sequence u =
X0, C1, X1, . . . , Cn, Xn are adjacent. The adjacency relation defines an undi-
rected labeled graph whose nodes are elements of set W and whose edges are
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specified by the adjacency relation. The node u by set Xn and edge (w, u)
by each agent in set Cn, see Figure 3. Note that this graph has no cycles and
thus is a tree. For any agent a ∈ A and any nodes v, v′ ∈ W , we say that
X0
<latexit sha1_base64="+uqYPittd7V3W// bvjK8gJ1vc4U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8eK9gPaUDbbTbt0s wm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZ xqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ3fgDqo1t+7 mIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn+Wnzsi5VYY kjLUthSRXf09kNDJmGgW2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBGMy/5sMheYM5dQSyrSw txI2ppoytOlUbAje8surpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRNawGAEz/AKb450Xpx35 2PRWnKKmWP4A+fzB9BXjWE=</latexit><latexit sha1_base64="+uqYPittd7V3W// bvjK8gJ1vc4U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8eK9gPaUDbbTbt0s wm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZ xqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ3fgDqo1t+7 mIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn+Wnzsi5VYY kjLUthSRXf09kNDJmGgW2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBGMy/5sMheYM5dQSyrSw txI2ppoytOlUbAje8surpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRNawGAEz/AKb450Xpx35 2PRWnKKmWP4A+fzB9BXjWE=</latexit><latexit sha1_base64="+uqYPittd7V3W// bvjK8gJ1vc4U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8eK9gPaUDbbTbt0s wm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZ xqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ3fgDqo1t+7 mIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn+Wnzsi5VYY kjLUthSRXf09kNDJmGgW2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBGMy/5sMheYM5dQSyrSw txI2ppoytOlUbAje8surpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRNawGAEz/AKb450Xpx35 2PRWnKKmWP4A+fzB9BXjWE=</latexit><latexit sha1_base64="+uqYPittd7V3W// bvjK8gJ1vc4U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8eK9gPaUDbbTbt0s wm7E6GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZ xqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ3fgDqo1t+7 mIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn+Wnzsi5VYY kjLUthSRXf09kNDJmGgW2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBGMy/5sMheYM5dQSyrSw txI2ppoytOlUbAje8surpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRNawGAEz/AKb450Xpx35 2PRWnKKmWP4A+fzB9BXjWE=</latexit>
X1
<latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAA B2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQ puHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93 vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+g fugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJ Cp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUC k7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJx a0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRt Rxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7G a2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNC hIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu 3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2 suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base6 4="gv9bEce64rmfhUQfzzFoUURuaG0=">AAA B33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQ puHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c +W9MHwttPRD4OCch954oU9KS7397pa3tnd29 8n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2S pLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGU nBy1mN3EAxqdb/hL8Q2IVhBHVZqDmpf/WEq8 gQ1CcWt7QV+RmHBDUmhcFbp5xYzLiZ8hD2Hm idow2Ix6oxdOGfI4tS4o4kt3N8vCp5YO00idz PhNLbr2dz8L+vlFN+EhdRZTqjF8qM4V4xSNt +bDaVBQWrqgAsj3axMjLnhglw7FVdCsL7yJr SvGoHfCB58KMMZnMMlBHANt3APTWiBgBG8wBu 8e8p79T6WdZW8VW+n8Efe5w/A64wr</latex it><latexit sha1_base6 4="gv9bEce64rmfhUQfzzFoUURuaG0=">AAA B33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQ puHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c +W9MHwttPRD4OCch954oU9KS7397pa3tnd29 8n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2S pLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGU nBy1mN3EAxqdb/hL8Q2IVhBHVZqDmpf/WEq8 gQ1CcWt7QV+RmHBDUmhcFbp5xYzLiZ8hD2Hm idow2Ix6oxdOGfI4tS4o4kt3N8vCp5YO00idz PhNLbr2dz8L+vlFN+EhdRZTqjF8qM4V4xSNt +bDaVBQWrqgAsj3axMjLnhglw7FVdCsL7yJr SvGoHfCB58KMMZnMMlBHANt3APTWiBgBG8wBu 8e8p79T6WdZW8VW+n8Efe5w/A64wr</latex it><latexit sha1_base6 4="ocbTvyupe7eDv6Vyb5EmeIpDB2o=">AAA B6nicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLUl sLDEKksCF7C17sGF377I7Z0Iu/AQbC42x9RfZ +W9c4AoFXzLJy3szmZkXpVJY9P1vr7S2vrG5 Vd6u7Ozu7R9UD4/aNskM4y2WyMR0Imq5FJq3 UKDkndRwqiLJH6Pxzcx/fOLGikQ/4CTloaJDL WLBKDrpvtMP+tWaX/fnIKskKEgNCjT71a/eI GGZ4hqZpNZ2Az/FMKcGBZN8WulllqeUjemQd x3VVHEb5vNTp+TcKQMSJ8aVRjJXf0/kVFk7UZ HrVBRHdtmbif953Qzj6zAXOs2Qa7ZYFGeSYE Jmf5OBMJyhnDhCmRHuVsJG1FCGLp2KCyFYfn mVtC/rgV8P7vxa46yIowwncAoXEMAVNOAWmtA CBkN4hld486T34r17H4vWklfMHMMfeJ8/0Ju NXg==</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAA B2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQ puHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93 vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+g fugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJ Cp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUC k7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJx a0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRt Rxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7G a2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNC hIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu 3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2 suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base6 4="gv9bEce64rmfhUQfzzFoUURuaG0=">AAA B33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQ puHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c +W9MHwttPRD4OCch954oU9KS7397pa3tnd29 8n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2S pLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGU nBy1mN3EAxqdb/hL8Q2IVhBHVZqDmpf/WEq8 gQ1CcWt7QV+RmHBDUmhcFbp5xYzLiZ8hD2Hm idow2Ix6oxdOGfI4tS4o4kt3N8vCp5YO00idz PhNLbr2dz8L+vlFN+EhdRZTqjF8qM4V4xSNt +bDaVBQWrqgAsj3axMjLnhglw7FVdCsL7yJr SvGoHfCB58KMMZnMMlBHANt3APTWiBgBG8wBu 8e8p79T6WdZW8VW+n8Efe5w/A64wr</latex it><latexit sha1_base6 4="gv9bEce64rmfhUQfzzFoUURuaG0=">AAA B33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQ puHFZ0T6gHUomvdOGZjJDckcoQ3+CGxeK+K/c +W9MHwttPRD4OCch954oU9KS7397pa3tnd29 8n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2S pLCbGeRJpLATTe7meecZjZWpfqJphmHCR1rGU nBy1mN3EAxqdb/hL8Q2IVhBHVZqDmpf/WEq8 gQ1CcWt7QV+RmHBDUmhcFbp5xYzLiZ8hD2Hm idow2Ix6oxdOGfI4tS4o4kt3N8vCp5YO00idz PhNLbr2dz8L+vlFN+EhdRZTqjF8qM4V4xSNt +bDaVBQWrqgAsj3axMjLnhglw7FVdCsL7yJr SvGoHfCB58KMMZnMMlBHANt3APTWiBgBG8wBu 8e8p79T6WdZW8VW+n8Efe5w/A64wr</latex it><latexit sha1_base6 4="ocbTvyupe7eDv6Vyb5EmeIpDB2o=">AAA B6nicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLUl sLDEKksCF7C17sGF377I7Z0Iu/AQbC42x9RfZ +W9c4AoFXzLJy3szmZkXpVJY9P1vr7S2vrG5 Vd6u7Ozu7R9UD4/aNskM4y2WyMR0Imq5FJq3 UKDkndRwqiLJH6Pxzcx/fOLGikQ/4CTloaJDL WLBKDrpvtMP+tWaX/fnIKskKEgNCjT71a/eI GGZ4hqZpNZ2Az/FMKcGBZN8WulllqeUjemQd x3VVHEb5vNTp+TcKQMSJ8aVRjJXf0/kVFk7UZ HrVBRHdtmbif953Qzj6zAXOs2Qa7ZYFGeSYE Jmf5OBMJyhnDhCmRHuVsJG1FCGLp2KCyFYfn mVtC/rgV8P7vxa46yIowwncAoXEMAVNOAWmtA CBkN4hld486T34r17H4vWklfMHMMfeJ8/0Ju NXg==</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit><latexit sha1_base6 4="Aoe5Q2Bg9OQkiL7MVtmJaqLF6Ng=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GP Bi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y 5r9xm+agrQ8GHu/NMDMvSKQw6LrfTmltfWNz q7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRv oUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHS oSCUbTSQ3fgDao1t+7mIKvEK0gNCjQH1a/+M GZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR7 1mqaMSNn+Wnzsi5VYYkjLUthSRXf09kNDJmGg W2M6I4NsveXPzP66UY3viZUEmKXLHFojCVBG My/5sMheYM5dQSyrSwtxI2ppoytOlUbAje8s urpH1Z99y6d39Va5wVcZThBE7hAjy4hgbcQRN awGAEz/AKb450Xpx352PRWnKKmWP4A+fzB9H bjWI=</latexit>
X2
<latexit sha1_base64="Ofr7spMU1Sf7E05 JWOaAJ6TbFUc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lKQY8FLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV 3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5tMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt 7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlcZFHkcRzuAcrsCDa2jAHTShBQxG8Ayv8OZI58V5d z6WrQUnnzmFP3A+fwDTX41j</latexit><latexit sha1_base64="Ofr7spMU1Sf7E05 JWOaAJ6TbFUc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lKQY8FLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV 3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5tMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt 7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlcZFHkcRzuAcrsCDa2jAHTShBQxG8Ayv8OZI58V5d z6WrQUnnzmFP3A+fwDTX41j</latexit><latexit sha1_base64="Ofr7spMU1Sf7E05 JWOaAJ6TbFUc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lKQY8FLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV 3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5tMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt 7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlcZFHkcRzuAcrsCDa2jAHTShBQxG8Ayv8OZI58V5d z6WrQUnnzmFP3A+fwDTX41j</latexit><latexit sha1_base64="Ofr7spMU1Sf7E05 JWOaAJ6TbFUc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lKQY8FLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV 3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5tMq QhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt 7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlcZFHkcRzuAcrsCDa2jAHTShBQxG8Ayv8OZI58V5d z6WrQUnnzmFP3A+fwDTX41j</latexit>
X3
<latexit sha1_base64="VGqEuj6VKDXAwit 7wLSgMlKcEfU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0msoMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDU441k</latexit><latexit sha1_base64="VGqEuj6VKDXAwit 7wLSgMlKcEfU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0msoMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDU441k</latexit><latexit sha1_base64="VGqEuj6VKDXAwit 7wLSgMlKcEfU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0msoMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDU441k</latexit><latexit sha1_base64="VGqEuj6VKDXAwit 7wLSgMlKcEfU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0msoMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00OnX+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDU441k</latexit>
X4
<latexit sha1_base6 4="00f0NM86rD6Az29e1MfidCRY92E=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8 FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5 CFn1FjpoTuoDcoVt+ouQNaJl5MK5GgOyl/9Y czSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FkqaYTazxanzsilVYYkjJUtachC/T2R0UjraR TYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQU xM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD WZ41l</latexit><latexit sha1_base6 4="00f0NM86rD6Az29e1MfidCRY92E=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8 FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5 CFn1FjpoTuoDcoVt+ouQNaJl5MK5GgOyl/9Y czSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FkqaYTazxanzsilVYYkjJUtachC/T2R0UjraR TYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQU xM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD WZ41l</latexit><latexit sha1_base6 4="00f0NM86rD6Az29e1MfidCRY92E=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8 FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5 CFn1FjpoTuoDcoVt+ouQNaJl5MK5GgOyl/9Y czSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FkqaYTazxanzsilVYYkjJUtachC/T2R0UjraR TYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQU xM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD WZ41l</latexit><latexit sha1_base6 4="00f0NM86rD6Az29e1MfidCRY92E=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8 FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5 CFn1FjpoTuoDcoVt+ouQNaJl5MK5GgOyl/9Y czSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7 FkqaYTazxanzsilVYYkjJUtachC/T2R0UjraR TYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQU xM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD WZ41l</latexit>
X5
<latexit sha1_base64="Q7tI/dH/dFV96Yd FDZpWgtjsA5U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDX641m</latexit><latexit sha1_base64="Q7tI/dH/dFV96Yd FDZpWgtjsA5U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDX641m</latexit><latexit sha1_base64="Q7tI/dH/dFV96Yd FDZpWgtjsA5U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDX641m</latexit><latexit sha1_base64="Q7tI/dH/dFV96Yd FDZpWgtjsA5U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoseCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDX641m</latexit>
X6
<latexit sha1_base64="/50kC9dmXCSIHoi 98HG3t96Gfwc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkqMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDZb41n</latexit><latexit sha1_base64="/50kC9dmXCSIHoi 98HG3t96Gfwc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkqMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDZb41n</latexit><latexit sha1_base64="/50kC9dmXCSIHoi 98HG3t96Gfwc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkqMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDZb41n</latexit><latexit sha1_base64="/50kC9dmXCSIHoi 98HG3t96Gfwc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkqMeCF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9csVt+r OQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsm5VQY kjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni 9lbCRlRRZmw6JRuCt/zyKmldVj236t3XKvWzPI4inMApXIAH11CHO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gDZb41n</latexit>
X7
<latexit sha1_base64="8mglZU/vbWZffaV luvMTAGJhFIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni 9lbCxlRRZmw6JRuCt/ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDa841o</latexit><latexit sha1_base64="8mglZU/vbWZffaV luvMTAGJhFIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni 9lbCxlRRZmw6JRuCt/ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDa841o</latexit><latexit sha1_base64="8mglZU/vbWZffaV luvMTAGJhFIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni 9lbCxlRRZmw6JRuCt/ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDa841o</latexit><latexit sha1_base64="8mglZU/vbWZffaV luvMTAGJhFIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkUI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni 9lbCxlRRZmw6JRuCt/ryOmlfVz236t3XKo2LPI4inME5XIEHdWjAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDa841o</latexit>
X8
<latexit sha1_base64="S+cI64wJACsscAe 6ftHsXZyE7D4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkYI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi81Yd3PuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5rlcZFHkcRzuAcrsCDG2jAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDcd41p</latexit><latexit sha1_base64="S+cI64wJACsscAe 6ftHsXZyE7D4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkYI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi81Yd3PuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5rlcZFHkcRzuAcrsCDG2jAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDcd41p</latexit><latexit sha1_base64="S+cI64wJACsscAe 6ftHsXZyE7D4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkYI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi81Yd3PuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5rlcZFHkcRzuAcrsCDG2jAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDcd41p</latexit><latexit sha1_base64="S+cI64wJACsscAe 6ftHsXZyE7D4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkYI8FLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTuoD8oVt+o uQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsilVYY kjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi81Yd3PuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5rlcZFHkcRzuAcrsCDG2jAHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwDcd41p</latexit>
C1
<latexit sha1_base64="t+cC+msD2T9U6Tx OKzDN+F4Z5LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMdCLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8bAG5QrbtV dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurTI kYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwL eythY6opQ5tOyYbgrb68TtrXVc+teve1Sv0ij6MIZ3AOV+DBDdThDprQAgYjeIZXeHOk8+K8O x/L1oKTz5zCHzifP7HdjU0=</latexit><latexit sha1_base64="t+cC+msD2T9U6Tx OKzDN+F4Z5LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMdCLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8bAG5QrbtV dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurTI kYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwL eythY6opQ5tOyYbgrb68TtrXVc+teve1Sv0ij6MIZ3AOV+DBDdThDprQAgYjeIZXeHOk8+K8O x/L1oKTz5zCHzifP7HdjU0=</latexit><latexit sha1_base64="t+cC+msD2T9U6Tx OKzDN+F4Z5LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMdCLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8bAG5QrbtV dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurTI kYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwL eythY6opQ5tOyYbgrb68TtrXVc+teve1Sv0ij6MIZ3AOV+DBDdThDprQAgYjeIZXeHOk8+K8O x/L1oKTz5zCHzifP7HdjU0=</latexit><latexit sha1_base64="t+cC+msD2T9U6Tx OKzDN+F4Z5LM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMdCLx4r2g9oQ9lsN+3Sz SbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNn GqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8bAG5QrbtV dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurTI kYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwL eythY6opQ5tOyYbgrb68TtrXVc+teve1Sv0ij6MIZ3AOV+DBDdThDprQAgYjeIZXeHOk8+K8O x/L1oKTz5zCHzifP7HdjU0=</latexit>
C2
<latexit sha1_base64="OGGiMF9deoxp+Kk Loy1HoBznlhM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKoMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbRrVc+tevfXlfpFHkcRzuAcrsCDG6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwCzYY1O</latexit><latexit sha1_base64="OGGiMF9deoxp+Kk Loy1HoBznlhM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKoMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbRrVc+tevfXlfpFHkcRzuAcrsCDG6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwCzYY1O</latexit><latexit sha1_base64="OGGiMF9deoxp+Kk Loy1HoBznlhM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKoMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbRrVc+tevfXlfpFHkcRzuAcrsCDG6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwCzYY1O</latexit><latexit sha1_base64="OGGiMF9deoxp+Kk Loy1HoBznlhM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mKoMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbRrVc+tevfXlfpFHkcRzuAcrsCDG6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwCzYY1O</latexit>
C3
<latexit sha1_base64="/0j+fE4SX0u1gEB mZ2a3qwzKVgo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lU0GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vK7WzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC05Y1P</latexit><latexit sha1_base64="/0j+fE4SX0u1gEB mZ2a3qwzKVgo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lU0GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vK7WzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC05Y1P</latexit><latexit sha1_base64="/0j+fE4SX0u1gEB mZ2a3qwzKVgo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lU0GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vK7WzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC05Y1P</latexit><latexit sha1_base64="/0j+fE4SX0u1gEB mZ2a3qwzKVgo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lU0GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev+uWKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vK7WzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC05Y1P</latexit>
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<latexit sha1_base6 4="8+5ZkLtKFyW2gdsxdcdMJN4MuYI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMd CLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8 pAzaqz00BjUBuWKW3UXIOvEy0kFcjQH5a/+M GZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9 iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NA psZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpIC Ym87/JkCtkRkwtoUxxeythY6ooMzadkg3BW3 15nbSvq55b9e5rlfpFHkcRzuAcrsCDG6jDHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC 2aY1Q</latexit><latexit sha1_base6 4="8+5ZkLtKFyW2gdsxdcdMJN4MuYI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMd CLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8 pAzaqz00BjUBuWKW3UXIOvEy0kFcjQH5a/+M GZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9 iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NA psZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpIC Ym87/JkCtkRkwtoUxxeythY6ooMzadkg3BW3 15nbSvq55b9e5rlfpFHkcRzuAcrsCDG6jDHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC 2aY1Q</latexit><latexit sha1_base6 4="8+5ZkLtKFyW2gdsxdcdMJN4MuYI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMd CLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8 pAzaqz00BjUBuWKW3UXIOvEy0kFcjQH5a/+M GZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9 iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NA psZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpIC Ym87/JkCtkRkwtoUxxeythY6ooMzadkg3BW3 15nbSvq55b9e5rlfpFHkcRzuAcrsCDG6jDHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC 2aY1Q</latexit><latexit sha1_base6 4="8+5ZkLtKFyW2gdsxdcdMJN4MuYI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMd CLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/I m//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vb O8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkts GW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8 pAzaqz00BjUBuWKW3UXIOvEy0kFcjQH5a/+M GZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9 iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NA psZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpIC Ym87/JkCtkRkwtoUxxeythY6ooMzadkg3BW3 15nbSvq55b9e5rlfpFHkcRzuAcrsCDG6jDHTS hBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwC 2aY1Q</latexit>
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<latexit sha1_base64="7S04lu26lNo7K9I wFpjd5DehvOw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC37Y1R</latexit><latexit sha1_base64="7S04lu26lNo7K9I wFpjd5DehvOw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC37Y1R</latexit><latexit sha1_base64="7S04lu26lNo7K9I wFpjd5DehvOw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC37Y1R</latexit><latexit sha1_base64="7S04lu26lNo7K9I wFpjd5DehvOw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC37Y1R</latexit>
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<latexit sha1_base64="PxhsEh/P/6HnDf3 OVIsMGz9jTEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC5cY1S</latexit><latexit sha1_base64="PxhsEh/P/6HnDf3 OVIsMGz9jTEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC5cY1S</latexit><latexit sha1_base64="PxhsEh/P/6HnDf3 OVIsMGz9jTEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC5cY1S</latexit><latexit sha1_base64="PxhsEh/P/6HnDf3 OVIsMGz9jTEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE1GOhF48V7Qe0oWy2k3bpZ hN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0n GqGDZZLGLVCahGwSU2DTcCO4lCGgUC28G4PvPbT6g0j+WjmSToR3QoecgZNVZ6qPev++WKW3X nIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TcKgM SxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NbPuExSg5ItFoWpICYms7/JgCtkRkwsoUxx eythI6ooMzadkg3BW355lbQuq55b9e6vKrWzPI4inMApXIAHN1CDO2hAExgM4Rle4c0Rzovz7 nwsWgtOPnMMf+B8/gC5cY1S</latexit>
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<latexit sha1_base64="SbPaZkxD1g0jVMd /xIC0a2gnSrU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEqMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5vKvWLPI4inME5XIEHNajDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC69Y1T</latexit><latexit sha1_base64="SbPaZkxD1g0jVMd /xIC0a2gnSrU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEqMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5vKvWLPI4inME5XIEHNajDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC69Y1T</latexit><latexit sha1_base64="SbPaZkxD1g0jVMd /xIC0a2gnSrU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEqMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5vKvWLPI4inME5XIEHNajDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC69Y1T</latexit><latexit sha1_base64="SbPaZkxD1g0jVMd /xIC0a2gnSrU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEqMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxx eythY6ooMzadkg3BW315nbSvq55b9e5vKvWLPI4inME5XIEHNajDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC69Y1T</latexit>
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<latexit sha1_base64="Vs8GvW6bSMu8fPu M3R/Hs+/ejEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEsMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easOZnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4 vZWwMVWUGZtOyYbgrb68TtrXVc+tevc3lfpFHkcRzuAcrsCDW6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC8eY1U</latexit><latexit sha1_base64="Vs8GvW6bSMu8fPu M3R/Hs+/ejEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEsMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easOZnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4 vZWwMVWUGZtOyYbgrb68TtrXVc+tevc3lfpFHkcRzuAcrsCDW6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC8eY1U</latexit><latexit sha1_base64="Vs8GvW6bSMu8fPu M3R/Hs+/ejEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEsMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easOZnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4 vZWwMVWUGZtOyYbgrb68TtrXVc+tevc3lfpFHkcRzuAcrsCDW6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC8eY1U</latexit><latexit sha1_base64="Vs8GvW6bSMu8fPu M3R/Hs+/ejEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lEsMdCLx4r2g9oQ9lsJ+3Sz SbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikre NUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00BjUBuWKW3U XIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TSKkM SxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easOZnXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4 vZWwMVWUGZtOyYbgrb68TtrXVc+tevc3lfpFHkcRzuAcrsCDW6jDHTShBQxG8Ayv8OYI58V5d z6WrQUnnzmFP3A+fwC8eY1U</latexit>
Figure 3: Fragment of the tree formed by the states.
v ∼a v′ if all edges along the unique simple path connecting nodes v and v′
are labeled by agent a.
Throughout the rest of the article, for any nonempty sequence w =
x1, . . . , xn, by hd(w) we denote the element xn and by w :: y we denote
sequence x1, . . . , xn, y.
The next lemma shows that the tree construction solves the challenge of
the distributed knowledge discussed in the preamble to this section.
Lemma 11. If w ∼C w′, then KCϕ ∈ hd(w) iff KCϕ ∈ hd(w′).
Proof. Assumption w ∼C w′ implies that each edge along the unique simple
path between nodes w and w′ is labeled with all agents in coalition C. Thus,
it suffices to show that KCϕ ∈ hd(w) iff KCϕ ∈ hd(w′) for any two adjacent
nodes along this path. Indeed, without loss of generality, let
w = X0, C1, X1, . . . , Cn−1, Xn−1
w′ = X0, C1, X1, . . . , Cn−1, Xn−1, Cn, Xn.
The assumption that the edge between w and w′ is labeled with all agents
in coalition C implies that Cn ⊆ C. Next, we show that KCϕ ∈ hd(w) iff
KCϕ ∈ hd(w′).
(⇒) : Suppose that KCϕ ∈ hd(w) = Xn−1. Thus, Xn−1 ` KCKCϕ by
Lemma 3. Hence, Xn−1 ` KCnKCϕ by the Epistemic Monotonicity axiom
and because Cn ⊆ C. Hence, KCnKCϕ ∈ Xn−1 because set Xn−1 is maximal.
Then, KCϕ ∈ Xn = X(w′) by Definition 5.
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(⇐) : Suppose that KCϕ /∈ hd(w) = Xn−1. Thus, ¬KCϕ ∈ Xn−1 because set
Xn−1 is maximal. Hence, Xn−1 ` KC¬KCϕ by the Negative Introspection
axiom. Hence, Xn−1 ` KCn¬KCϕ by the Epistemic Monotonicity axiom and
because Cn ⊆ C. Hence, KCn¬KCϕ ∈ Xn−1 because set Xn−1 is maximal.
Then, ¬KCϕ ∈ Xn by Definition 5. Therefore, KCϕ /∈ Xn = hd(w′) because
set Xn is consistent. 
This defines the states of the canonical game G(X0) and the indistin-
guishability relations {∼a}a∈A on these states. We now will define the domain
of actions and the mechanism of the canonical game.
Definition 6. ∆ is a set of all pairs (ϕ, z) such that ϕ ∈ Φ is a formula,
and z ∈ Z is an integer number.
If u is a pair (x, y), then by pr1(u) and pr2(u) we mean elements x and y
respectively.
Definition 7. Mechanism M is the set of triples (w, δ, u) such that for any
formula [C]Bϕ ∈ hd(w) if
1. pr1(δ(c)) = ϕ, for each c ∈ C,
2. pr2(δ(b)) < pr2(δ(c)) for each b ∈ B and each c ∈ C,
then ϕ ∈ hd(u).
Figure 4 describes a Battle of the Atlantic inspired example that illus-
trates the definition of the canonical mechanism. Here set hd(w) contains
hd(w) [British]German(saved), [German]British(not saved)
British (saved, 17)
German (not saved, 23)
Russian (saved, 29)
Outcome not saved
Figure 4: Battle of the Atlantic Mechanism.
formulae [British]German(saved) and [German]British(not saved). Thus, the
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mechanism enables both British and Germans to achieve their goal as long as
their have intelligence about the move of the other party. British, Germans,
and Russians have chosen actions (saved, 17), (not saved, 23), and (saved, 29)
respectively. Thus, pr2(δ(British)) = 17 < 23 = pr2(δ(Germans)). Then, ac-
cording to Definition 7, statement “saved” (short for ”Convoy is saved”) will
belong to set hd(u), where u is the outcome state of the game. Note that
although pr2(δ(German)) = 23 < 29 = pr2(δ(Russians)), the Russian action
did not save the convoy because statement [Russian]German(saved) does not
belong to set hd(w).
Definition 8. pi(p) = {w ∈ W | p ∈ hd(w)}.
This concludes the definition of the canonical game G(X0) = (W, {∼a
}a∈A, ∆,M, pi). The next important milestone in the proof of the complete-
ness is what sometimes is called “truth” lemma that connects syntax and
semantics sides in the canonical game construction. In our case, this is
Lemma 14. Before that lemma, however, we state and prove two auxiliary
statements that will be used in the induction step of the proof of Lemma 14.
Lemma 12. If ¬KCϕ ∈ hd(w), then there is a state u ∈ W such that w ∼C u
and ¬ϕ ∈ hd(u).
Proof. Consider set of formulae
X = {¬ϕ} ∪ {ψ | KCψ ∈ w}.
First, we prove that set X is consistent. Suppose the opposite. Thus, there
are formulae KCψ1, . . . ,KCψn ∈ hd(w) such that
ψ1, . . . , ψn ` ϕ.
Hence, by applying n times Lemma 4,
` ψ1 → (ψ2 → . . . (ψn → ϕ) . . . ).
Then, by the Epistemic Necessitation inference rule,
` KC(ψ1 → (ψ2 → . . . (ψn → ϕ) . . . )).
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Thus, by the Distributivity axiom and the Modus Ponens inference rule,
` KCψ1 → KC(ψ2 → . . . (ψn → ϕ) . . . )).
Recall that KCψ1 ∈ hd(w) by the choice of formula KCψ1. Hence, by the
Modus Ponens inference rule,
hd(w) ` KC(ψ2 → . . . (ψn → ϕ) . . . )).
By repeating the previous step n− 1 more times,
hd(w) ` KCϕ.
Hence, ¬KCϕ /∈ hd(w) due to the consistency of the set hd(w). This con-
tradicts the assumption of the lemma. Therefore, set X is consistent. By
Lemma 5, there is a maximal consistent extension Xˆ of the set X. Let u be
sequence w :: C :: Xˆ. Note that u ∈ W by Definition 5 and the choice of set
X, set Xˆ and sequence u. Furthermore, w ∼C u by the definition of relation
∼a on the set W . Finally, ¬ϕ ∈ X ⊆ Xˆ = hd(u) again by the choice of set
X, set Xˆ and sequence u. 
Lemma 13. If ¬[C]Bϕ ∈ hd(w), then there exists an action profile β ∈ ∆B
of coalition B such that for each action profile γ ∈ ∆C of coalition C there
is a complete action profile δ ∈ ∆A and states w′, u ∈ W such that β =B δ,
γ =C δ, w ∼C w′, (w′, δ, u) ∈M , and ¬ϕ ∈ hd(u).
Proof. Let action profile β ∈ ∆B of coalition B be such that β(b) = (>, 0)
for each agent b ∈ B. Consider any action profile γ ∈ ∆C of coalition C.
Choose an integer z0 such that for each a ∈ C
pr2(γ(a)) < z0. (2)
Such z0 exists because coalition C is a finite set of agents. Define complete
action profile δ ∈ ∆A as follows
δ(a) =

β(a), if a ∈ B,
γ(a), if a ∈ C,
(>, z0), otherwise.
(3)
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Note that ¬[C]Bϕ ∈ hd(w) ⊆ Φ by the assumption of the lemma. Thus,
sets B and C are disjoint by Definition 1. Thus, complete action profile δ is
well-defined.
Consider set X such that
X = {¬ϕ} ∪ {σ | [∅]∅σ ∈ hd(w)} ∪ (4)
{ψ | [P ]Qψ ∈ hd(w), P 6= ∅,∀p ∈ P (pr1(δ(p)) = ψ),
∀q ∈ Q ∀p ∈ P (pr2(δ(q)) < pr2(δ(p)))}.
Next we show that set X is consistent. Suppose the opposite. Thus,
σ1, . . . , σm, ψ1, ψ2, ψ3, . . . , ψn ` ϕ (5)
for some formulae
[∅]∅σ1, . . . , [∅]∅σm ∈ hd(w) (6)
and some formulae
[P1]Q1ψ1, . . . , [Pn]Qnψn ∈ hd(w) (7)
such that
pr2(δ(q)) < pr2(δ(p)), (8)
Pi 6= ∅, (9)
and
pr1(δ(p)) = ψi (10)
for each i ≤ n, each q ∈ Qi, and each p ∈ Pi. Without loss of generality, we
can assume that formulae ψ1, ψ2, ψ3, . . . , ψn are distinct and none of them is
equal to >:
ψi 6= ψj, (11)
ψi 6= > (12)
for each i ≤ n and each j 6= i.
Claim 1. Sets P1, . . . , Pn are pairwise disjoint.
Proof. Consider any agent a ∈ Pi ∩ Pj. Then, ψi = pr1(δ(a)) = ψj by equa-
tion (10), which contradicts assumption (11). 
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Claim 2. Pi ⊆ C for each i ≤ n.
Proof. Consider any agent a ∈ Pi. Suppose that a /∈ C. Then, pr1(δ(a)) = >
by equation (3). At the same time, pr1(δ(a)) = ψi by equality (10) because
a ∈ Pi. Hence, ψi = >, which contradicts assumption (12). 
Claim 3. Qi ⊆ B ∪ C.
Proof. Consider any agent q ∈ Qi. Statement (9) implies that there is at least
one agent p ∈ Pi. Then, p ∈ C by Claim 2. Thus, pr2(δ(p)) = pr2(γ(p)) < z0
due to equality (3) and inequality (2). Hence, pr2(δ(q)) < z0 by inequal-
ity (8). Therefore, q ∈ B ∪ C due to equality (3). 
For any nonempty finite set of agents P ⊆ A let
rank(P ) = min
p∈P
pr2(δ(p)). (13)
Sets P1, . . . , Pn are nonempty by statement (9). Thus, rank(Pi) is defined
for each i ≤ n. Without loss of generality, we can assume that, see Figure 5,
pr2( (P1))
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rank(P1)
<latexit sha1_base6 4="r6LReRf/3nKCRdOz7Fda0C6ic4o=">AAA B8HicbZDLSgMxFIZP6q3WW9Wlm2AV6qbMiKD LghuXFexF2qFk0kwbmmSGJCOUoU/hxoUibn0c d76NaTsLbf0h8PGfc8g5f5gIbqznfaPC2vrG 5lZxu7Szu7d/UD48apk41ZQ1aSxi3QmJYYIr 1rTcCtZJNCMyFKwdjm9n9fYT04bH6sFOEhZIM lQ84pRYZz1qosbVRt+/6JcrXs2bC6+Cn0MFc jX65a/eIKapZMpSQYzp+l5ig4xoy6lg01IvN SwhdEyGrOtQEclMkM0XnuJz5wxwFGv3lMVz9/ dERqQxExm6TknsyCzXZuZ/tW5qo5sg4ypJLV N08VGUCmxjPLseD7hm1IqJA0I1d7tiOiKaUO syKrkQ/OWTV6F1WfMd319V6md5HEU4gVOogg/ XUIc7aEATKEh4hld4Qxq9oHf0sWgtoHzmGP4 Iff4As02Pkw==</latexit><latexit sha1_base6 4="r6LReRf/3nKCRdOz7Fda0C6ic4o=">AAA B8HicbZDLSgMxFIZP6q3WW9Wlm2AV6qbMiKD LghuXFexF2qFk0kwbmmSGJCOUoU/hxoUibn0c d76NaTsLbf0h8PGfc8g5f5gIbqznfaPC2vrG 5lZxu7Szu7d/UD48apk41ZQ1aSxi3QmJYYIr 1rTcCtZJNCMyFKwdjm9n9fYT04bH6sFOEhZIM lQ84pRYZz1qosbVRt+/6JcrXs2bC6+Cn0MFc jX65a/eIKapZMpSQYzp+l5ig4xoy6lg01IvN SwhdEyGrOtQEclMkM0XnuJz5wxwFGv3lMVz9/ dERqQxExm6TknsyCzXZuZ/tW5qo5sg4ypJLV N08VGUCmxjPLseD7hm1IqJA0I1d7tiOiKaUO syKrkQ/OWTV6F1WfMd319V6md5HEU4gVOogg/ XUIc7aEATKEh4hld4Qxq9oHf0sWgtoHzmGP4 Iff4As02Pkw==</latexit><latexit sha1_base6 4="r6LReRf/3nKCRdOz7Fda0C6ic4o=">AAA B8HicbZDLSgMxFIZP6q3WW9Wlm2AV6qbMiKD LghuXFexF2qFk0kwbmmSGJCOUoU/hxoUibn0c d76NaTsLbf0h8PGfc8g5f5gIbqznfaPC2vrG 5lZxu7Szu7d/UD48apk41ZQ1aSxi3QmJYYIr 1rTcCtZJNCMyFKwdjm9n9fYT04bH6sFOEhZIM lQ84pRYZz1qosbVRt+/6JcrXs2bC6+Cn0MFc jX65a/eIKapZMpSQYzp+l5ig4xoy6lg01IvN SwhdEyGrOtQEclMkM0XnuJz5wxwFGv3lMVz9/ dERqQxExm6TknsyCzXZuZ/tW5qo5sg4ypJLV N08VGUCmxjPLseD7hm1IqJA0I1d7tiOiKaUO syKrkQ/OWTV6F1WfMd319V6md5HEU4gVOogg/ XUIc7aEATKEh4hld4Qxq9oHf0sWgtoHzmGP4 Iff4As02Pkw==</latexit><latexit sha1_base6 4="r6LReRf/3nKCRdOz7Fda0C6ic4o=">AAA B8HicbZDLSgMxFIZP6q3WW9Wlm2AV6qbMiKD LghuXFexF2qFk0kwbmmSGJCOUoU/hxoUibn0c d76NaTsLbf0h8PGfc8g5f5gIbqznfaPC2vrG 5lZxu7Szu7d/UD48apk41ZQ1aSxi3QmJYYIr 1rTcCtZJNCMyFKwdjm9n9fYT04bH6sFOEhZIM lQ84pRYZz1qosbVRt+/6JcrXs2bC6+Cn0MFc jX65a/eIKapZMpSQYzp+l5ig4xoy6lg01IvN SwhdEyGrOtQEclMkM0XnuJz5wxwFGv3lMVz9/ dERqQxExm6TknsyCzXZuZ/tW5qo5sg4ypJLV N08VGUCmxjPLseD7hm1IqJA0I1d7tiOiKaUO syKrkQ/OWTV6F1WfMd319V6md5HEU4gVOogg/ XUIc7aEATKEh4hld4Qxq9oHf0sWgtoHzmGP4 Iff4As02Pkw==</latexit>
rank(P2)
<latexit sha1_base6 4="QBrkQLc5QzB/JDwUkIX7Qknfr2w=">AAA B8HicbZDLSgMxFIbPeK31VnXpJliFuikzRdB lwY3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx 59uYtrPQ1h8CH/85h5zzRwlnxvr+t7e2vrG5 tV3YKe7u7R8clo6OW0almtAmUVzpToQN5UzS pmWW006iKRYRp+1ofDurt5+oNkzJBztJaCjwU LKYEWyd9aixHFca/dplv1T2q/5caBWCHMqQq 9EvffUGiqSCSks4NqYb+IkNM6wtI5xOi73U0 ASTMR7SrkOJBTVhNl94ii6cM0Cx0u5Ji+bu74 kMC2MmInKdAtuRWa7NzP9q3dTGN2HGZJJaKs niozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6z IquhCC5ZNXoVWrBo7vr8r18zyOApzCGVQggGu owx00oAkEBDzDK7x52nvx3r2PReual8+cwB9 5nz+00o+U</latexit><latexit sha1_base6 4="QBrkQLc5QzB/JDwUkIX7Qknfr2w=">AAA B8HicbZDLSgMxFIbPeK31VnXpJliFuikzRdB lwY3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx 59uYtrPQ1h8CH/85h5zzRwlnxvr+t7e2vrG5 tV3YKe7u7R8clo6OW0almtAmUVzpToQN5UzS pmWW006iKRYRp+1ofDurt5+oNkzJBztJaCjwU LKYEWyd9aixHFca/dplv1T2q/5caBWCHMqQq 9EvffUGiqSCSks4NqYb+IkNM6wtI5xOi73U0 ASTMR7SrkOJBTVhNl94ii6cM0Cx0u5Ji+bu74 kMC2MmInKdAtuRWa7NzP9q3dTGN2HGZJJaKs niozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6z IquhCC5ZNXoVWrBo7vr8r18zyOApzCGVQggGu owx00oAkEBDzDK7x52nvx3r2PReual8+cwB9 5nz+00o+U</latexit><latexit sha1_base6 4="QBrkQLc5QzB/JDwUkIX7Qknfr2w=">AAA B8HicbZDLSgMxFIbPeK31VnXpJliFuikzRdB lwY3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx 59uYtrPQ1h8CH/85h5zzRwlnxvr+t7e2vrG5 tV3YKe7u7R8clo6OW0almtAmUVzpToQN5UzS pmWW006iKRYRp+1ofDurt5+oNkzJBztJaCjwU LKYEWyd9aixHFca/dplv1T2q/5caBWCHMqQq 9EvffUGiqSCSks4NqYb+IkNM6wtI5xOi73U0 ASTMR7SrkOJBTVhNl94ii6cM0Cx0u5Ji+bu74 kMC2MmInKdAtuRWa7NzP9q3dTGN2HGZJJaKs niozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6z IquhCC5ZNXoVWrBo7vr8r18zyOApzCGVQggGu owx00oAkEBDzDK7x52nvx3r2PReual8+cwB9 5nz+00o+U</latexit><latexit sha1_base6 4="QBrkQLc5QzB/JDwUkIX7Qknfr2w=">AAA B8HicbZDLSgMxFIbPeK31VnXpJliFuikzRdB lwY3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx 59uYtrPQ1h8CH/85h5zzRwlnxvr+t7e2vrG5 tV3YKe7u7R8clo6OW0almtAmUVzpToQN5UzS pmWW006iKRYRp+1ofDurt5+oNkzJBztJaCjwU LKYEWyd9aixHFca/dplv1T2q/5caBWCHMqQq 9EvffUGiqSCSks4NqYb+IkNM6wtI5xOi73U0 ASTMR7SrkOJBTVhNl94ii6cM0Cx0u5Ji+bu74 kMC2MmInKdAtuRWa7NzP9q3dTGN2HGZJJaKs niozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6z IquhCC5ZNXoVWrBo7vr8r18zyOApzCGVQggGu owx00oAkEBDzDK7x52nvx3r2PReual8+cwB9 5nz+00o+U</latexit>
rank(P3)
<latexit sha1_base64="w3QWDiTbXGy/gMk wZFwE7f3wjoE=">AAAB8HicbZDLSgMxFIZPvNZ6q7p0E6xC3ZQZFXRZcOOygr1IO5RMmmlDk 8yQZIQy9CncuFDErY/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4Omy ZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9tpvfXEtOGxerDjhAWSDBSPOCXWWY+aqFGl3rs 875XKXtWbCS+Dn0MZctV7pa9uP6apZMpSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrONQEclMkM0 WnuAz5/RxFGv3lMUz9/dERqQxYxm6Tkns0CzWpuZ/tU5qo5sg4ypJLVN0/lGUCmxjPL0e97lm 1IqxA0I1d7tiOiSaUOsyKroQ/MWTl6F5UfUd31+Va6d5HAU4hhOogA/XUIM7qEMDKEh4hld4Q xq9oHf0MW9dQfnMEfwR+vwBtlePlQ==</latexit><latexit sha1_base64="w3QWDiTbXGy/gMk wZFwE7f3wjoE=">AAAB8HicbZDLSgMxFIZPvNZ6q7p0E6xC3ZQZFXRZcOOygr1IO5RMmmlDk 8yQZIQy9CncuFDErY/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4Omy ZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9tpvfXEtOGxerDjhAWSDBSPOCXWWY+aqFGl3rs 875XKXtWbCS+Dn0MZctV7pa9uP6apZMpSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrONQEclMkM0 WnuAz5/RxFGv3lMUz9/dERqQxYxm6Tkns0CzWpuZ/tU5qo5sg4ypJLVN0/lGUCmxjPL0e97lm 1IqxA0I1d7tiOiSaUOsyKroQ/MWTl6F5UfUd31+Va6d5HAU4hhOogA/XUIM7qEMDKEh4hld4Q xq9oHf0MW9dQfnMEfwR+vwBtlePlQ==</latexit><latexit sha1_base64="w3QWDiTbXGy/gMk wZFwE7f3wjoE=">AAAB8HicbZDLSgMxFIZPvNZ6q7p0E6xC3ZQZFXRZcOOygr1IO5RMmmlDk 8yQZIQy9CncuFDErY/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4Omy ZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9tpvfXEtOGxerDjhAWSDBSPOCXWWY+aqFGl3rs 875XKXtWbCS+Dn0MZctV7pa9uP6apZMpSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrONQEclMkM0 WnuAz5/RxFGv3lMUz9/dERqQxYxm6Tkns0CzWpuZ/tU5qo5sg4ypJLVN0/lGUCmxjPL0e97lm 1IqxA0I1d7tiOiSaUOsyKroQ/MWTl6F5UfUd31+Va6d5HAU4hhOogA/XUIM7qEMDKEh4hld4Q xq9oHf0MW9dQfnMEfwR+vwBtlePlQ==</latexit><latexit sha1_base64="w3QWDiTbXGy/gMk wZFwE7f3wjoE=">AAAB8HicbZDLSgMxFIZPvNZ6q7p0E6xC3ZQZFXRZcOOygr1IO5RMmmlDk 8yQZIQy9CncuFDErY/jzrcxbWehrT8EPv5zDjnnDxPBjfW8b7Syura+sVnYKm7v7O7tlw4Omy ZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9tpvfXEtOGxerDjhAWSDBSPOCXWWY+aqFGl3rs 875XKXtWbCS+Dn0MZctV7pa9uP6apZMpSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrONQEclMkM0 WnuAz5/RxFGv3lMUz9/dERqQxYxm6Tkns0CzWpuZ/tU5qo5sg4ypJLVN0/lGUCmxjPL0e97lm 1IqxA0I1d7tiOiSaUOsyKroQ/MWTl6F5UfUd31+Va6d5HAU4hhOogA/XUIM7qEMDKEh4hld4Q xq9oHf0MW9dQfnMEfwR+vwBtlePlQ==</latexit>
Figure 5: Sets P1, P2, P3, . . . and their ranks.
rank(P1) ≤ rank(P2) ≤ · · · ≤ rank(Pn). (14)
Claim 4. Sets Qi and Pj are disjoint for 1 ≤ i ≤ j.
Proof. For any q ∈ Qi and any p ∈ Pj, by inequality (8) and definition (13);
assumption (14); and again definition (13),
pr2(δ(q)) < rank(Pi) ≤ rank(Pj) ≤ pr2(δ(p)).
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Therefore, sets Qi and Pj are disjoint. 
Let
R = C \ (P1 ∪ · · · ∪ Pn). (15)
Claim 5. Sets B, R, P1, . . . , Pn are pairwise disjoint.
Proof. Assumption ¬[C]Bϕ ∈ hd(w) of the lemma implies that ¬[C]Bϕ ∈ Φ.
Thus, sets B and C are disjoint by Definition 1. Hence, sets B and R are
disjoint because of equation (15) and set B is disjoint with each of sets
P1, . . . , Pn by Claim 2 and because sets B and C are disjoint. Also, set R is
disjoint with each of sets P1, . . . , Pn by equation (15). Finally, sets P1, . . . , Pn
are pairwise disjoint by Claim 1. 
Claim 6. Qi ⊆ B ∪R ∪ P1 ∪ · · · ∪ Pi−1 for 1 ≤ i ≤ n.
Proof. Consider any agent q ∈ Qi such that q /∈ B∪R. It suffices to show that
q ∈ P1 ∪ · · · ∪Pi−1. Indeed, assumptions q ∈ Qi and q /∈ B imply that q ∈ C
by Claim 3. Thus, q ∈ P1 ∪ · · · ∪ Pn by the assumption q /∈ R and the def-
inition of set R. Therefore, q ∈ P1∪· · ·∪Pi−1 by Claim 4 because q ∈ Qi. 
Let us now return to the proof of the lemma. Statement (5), by the
Lemma 4 applied m+ n times, implies that
` σ1 → (. . . (σm → (ψ1 → . . . (ψn → ϕ) . . . )) . . . ).
Hence, by the Strategic Necessitation inference rule,
` [∅]∅(σ1 → (. . . (σm → (ψ1 → . . . (ψn → ϕ) . . . )) . . . )).
Thus, by the Cooperation axiom (where B = C = D = ∅) and the Modus
Ponens inference rule,
` [∅]∅σ1 → [∅]∅(σ2 → (. . . (σm → (ψ1 → . . . (ψn → ϕ) . . . )) . . . )).
Then, by the Modus Ponens inference rule and assumption (6),
hd(w) ` [∅]∅(σ2 → (. . . (σm → (ψ1 → . . . (ψn → ϕ) . . . )) . . . )).
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By repeating the previous step m− 1 times,
hd(w) ` [∅]∅(ψ1 → (ψ2 → (ψ3 → . . . (ψn → ϕ) . . . ))).
Hence, by the Intelligence Monotonicity axiom and the Modus Ponens infer-
ence rule,
hd(w) ` [∅]B(ψ1 → (ψ2 → (ψ3 → . . . (ψn → ϕ) . . . ))).
Thus, by Lemma 2, Claim 5, and the Modus Ponens inference rule,
hd(w) ` [R]B(ψ1 → (ψ2 → (ψ3 → . . . (ψn → ϕ) . . . ))).
Then, by the Cooperation axiom, Claim 5, and the Modus Ponens inference
rule,
hd(w) ` [P1]B,Rψ1 → [R,P1]B(ψ2 → (ψ3 → . . . (ψn → ϕ) . . . )).
At the same time, recall that [P1]Q1ψ1 ∈ hd(w) by assumption (7). Thus,
hd(w) ` [P1]B,Rψ1 by the Intelligence Monotonicity axiom and because Q1 ⊆
B ∪R due to Claim 6. Hence, by the Modus Ponens inference rule,
hd(w) ` [R,P1]B(ψ2 → (ψ3 → . . . (ψn → ϕ) . . . )).
Then, by the Cooperation axiom, Claim 5, and the Modus Ponens inference
rule,
hd(w) ` [P2]B,R,P1ψ2 → [R,P1, P2]B(ψ3 → . . . (ψn → ϕ) . . . )).
At the same time, recall that [P2]Q2ψ2 ∈ hd(w) by assumption (7). Thus,
hd(w) ` [P2]B,R,P1ψ2 by the Intelligence Monotonicity axiom and because
Q2 ⊆ B,R, P1 due to Claim 6. Hence, by the Modus Ponens inference rule,
hd(w) ` [R,P1, P2]B(ψ3 → . . . (ψn → ϕ) . . . )).
By repeating the previous step n− 2 more times,
hd(w) ` [R,P1, P2, . . . , Pn]Bϕ.
Equation (15) implies that R ⊆ C. Thus, R,P1, P2, . . . , Pn ⊆ C by Claim 2.
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Then, hd(w) ` [C]Bϕ by Lemma 2, which contradicts the assumption ¬[C]Bϕ ∈
hd(w) and the consistency of set hd(w). Therefore, set X, as defined by
equation (4), is consistent. By Lemma 5, there exists a maximal consistent
extension Xˆ of the set X.
Let w′ be state w and u to be the sequence w :: ∅ :: Xˆ.
Claim 7. u ∈ W .
Proof. By Definition 5, it suffices to prove that
{ϕ ∈ Φ | K∅ϕ ∈ hd(w)} ⊆ hd(u).
Indeed, let K∅ϕ ∈ hd(w). Thus, hd(w) ` [∅]∅ϕ by the Empty Coalition ax-
iom. Hence, [∅]∅ϕ ∈ hd(w) due to the maximality of the set hd(w). Then,
ϕ ∈ X by equation (4). Thus, ϕ ∈ Xˆ by the choice of set Xˆ. Therefore,
ϕ ∈ hd(u) by the choice of sequence u. 
Note that β =B δ because of equation (3) and the assumption β ∈ ∆B
of the lemma. Similarly, γ =C δ. Also, w ∼C w′ by Lemma 1 because
w′ = w. Additionally, ¬ϕ ∈ hd(u) because, due to equation (4), we have
¬ϕ ∈ X ⊆ Xˆ = hd(u).
Since w = w′, to finish the proof of the lemma, we need to show that
(w, δ, u) ∈M . Consider any formula [P ]Qψ ∈ hd(w) such that pr1(δ(p)) = ψ
for each agent p ∈ P and pr2(δ(q)) < pr2(δ(p)) for each agent q ∈ Q and
each agent p ∈ P . By Definition 7, it suffices to prove that ψ ∈ hd(u). We
consider the following tow cases separately.
Case I: P 6= ∅. Thus, ψ ∈ X by equation (4). Therefore, ψ ∈ X ⊆ Xˆ =
hd(u).
Case II: P = ∅. Then, assumption [P ]Qψ ∈ hd(w) can be rewritten as
[∅]Qψ ∈ hd(w). Thus, hd(w) ` [∅]∅ψ by the None to Analyze axiom.
Hence, [∅]∅ψ ∈ hd(w) because of the maximality of the set hd(w). Thus,
ψ ∈ X by equation (4). Therefore, ψ ∈ X ⊆ Xˆ = hd(u).
This concludes the proof of Lemma 13. 
We are now ready to state and to prove the main induction lemma of
the proof of the completeness, which sometimes also is referred to as truth
lemma.
Lemma 14. w  ϕ iff ϕ ∈ hd(w) for each formula ϕ ∈ Φ.
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Proof. We prove the lemma by the induction on the structural complexity
of formula ϕ. The case follows from Definition 4 and Definition 8. The case
when formula ϕ is a negation or an implication follows from Definition 4 and
the assumption that set hd(w) is a maximal consistent set of formulae in the
standard way.
Suppose that formula ϕ has the form KCψ.
(⇒): Suppose that KCψ /∈ hd(w). Thus, ¬KCψ ∈ hd(w) due to the maxi-
mality of the set hd(u). Hence, by Lemma 12, there is a state u ∈ W such
that w ∼C u and ¬ψ ∈ hd(u). Then, ψ /∈ hd(u) due to the consistency of the
set hd(u). Thus, u 1 ψ by the induction hypothesis. Therefore, w 1 KCψ
by Definition 4.
(⇐): Assume that KCψ ∈ hd(w). Consider any state u ∈ W such that
w ∼C u. By Definition 4, it suffices to show that u  ψ. Indeed, by
Lemma 11, assumptions KCψ ∈ hd(w) and w ∼C u imply that KCψ ∈ hd(u).
Hence, hd(u) ` ψ by the Truth axiom and the Modus Ponens inference rule.
Thus, ψ ∈ hd(u) due to the maximality of the set hd(u). Therefore, u  u
by the induction hypothesis.
Suppose that formula ϕ has the form [C]Bψ.
(⇒): Assume that [C]Bψ /∈ hd(w). Hence, ¬[C]Bψ ∈ hd(w) due to the
maximality of the set hd(w). Thus, by Lemma 13, there exists an action
profile β ∈ ∆B of coalition B such that for each action profile γ ∈ ∆C of
coalition C there is a complete action profile δ ∈ ∆A and states w′, u ∈ W
such that β =B δ, γ =C δ, w ∼C w′, (w′, δ, u) ∈ M , and ¬ψ ∈ hd(u). Note
that ¬ψ ∈ hd(u) implies ψ /∈ hd(u) due to the consistency of the set hd(u),
which, in term implies u 1 ψ by the induction hypothesis.
Thus, there exists an action profile β ∈ ∆B of coalition B such that
for each action profile γ ∈ ∆C of coalition C there is a complete action
profile δ ∈ ∆A and states w′, u ∈ W such that β =B δ, γ =C δ, w ∼C w′,
(w′, δ, u) ∈M , and u 1 ψ. Therefore, w 1 [C]Bψ by Definition 4.
(⇐): Assume that [C]Bψ ∈ hd(w). Consider any action profile β ∈ ∆B of
coalition B. Set B is finite by Definition 1. Let z0 be any integer number such
that pr2(β(b)) < z0 for each agent b ∈ B. Define action profile γ ∈ ∆C as
γ(c) = (ϕ, z0) for each c ∈ C. Consider any complete action profile δ ∈ ∆A,
any state w′ ∈ W , and any state u ∈ W such that β =B δ, γ =C δ, w ∼C w′,
and (w′, δ, u) ∈M . By Definition 4, it suffices to show that u  ψ.
Assumption [C]Bψ ∈ hd(w) implies that hd(w) ` KC [C]Bψ by the Strate-
gic Introspection axiom and the Modus Ponens inference rule. Thus, KC [C]Bψ ∈
hd(w) by the maximality of the set hd(w). Hence, KC [C]Bψ ∈ hd(w′) by the
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assumption w ∼C w′ and Lemma 11. Then, hd(w′) ` [C]Bψ by the Truth
axiom and the Modus Ponens inference rule. Hence, [C]Bψ ∈ hd(w′) due to
the maximality of the set hd(w′).
By the choice of action profile γ and the assumption γ =C δ, for each
c ∈ C, we have pr1(δ(c)) = pr1(γ(c)) = ϕ. At the same time, by the
assumption β =B δ, the choice of integer z0, the choice of action profile γ,
and the assumption γ =C δ,
pr2(δ(b)) = pr2(β(b)) < z0 = pr2(γ(c)) = pr2(δ(c))
for each agent b ∈ B and each agent c ∈ C.
Thus, ψ ∈ hd(u) by Definition 7 and the assumption (w′, δ, u) ∈ M .
Therefore, u  ψ by the induction hypothesis. 
Now we are ready to state and to prove the strong completeness of our
logical system.
Theorem 2. If Y 0 ϕ, then there is a state w of a game such that w  χ
for each χ ∈ Y and w 1 ϕ.
Proof. Suppose that Y 0 ϕ. By Lemma 5, there exists a maximal consis-
tent set of formulae X0 such that Y ∪ {¬ϕ} ⊆ X0. Let w be the single-
element sequence X0. By Definition 5, sequence w is a state of the canonical
game G(X0). Note that χ ∈ X0 = hd(w) for each formula χ ∈ Y and
¬ϕ ∈ X0 = hd(w) by the choice of set X0 and the choice of sequence w.
Thus, w  χ for each χ ∈ Y and w  ¬ϕ by Lemma 14. Therefore, w 1 ϕ
by Definition 4. 
7. Conclusion
In this article we proposed the notion of a strategy with intelligence and
gave a sound and complete axiomatization of a bimodal logic that describes
the interplay between strategic power with intelligence and the distributed
knowledge modalities in the setting of strategic games with imperfect infor-
mation. A natural question is decidability of the proposed logical system.
Unfortunately the standard filtration technique [38] can not be easily applied
here to produce a finite model. Indeed, it is crucial for the proof of the com-
pleteness, see Definition 7 that for each action there is another action with
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a higher value of the second component. Thus, for the proposed construc-
tion to work, the domain of choices must be infinite. One perhaps might
be able to overcome this by changing the second component of the action
from an infinite linear ordered set to a finite circularly “ordered” set as in
rock-article-scissors game.
Another possible extension of this work is to consider modality KBC that
captures the knowledge of coalition C after coalition B disclosed to C the
actions that it intends to take.
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